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The global view of the Milky Way as a barred spiral galaxy was inferred from
various tracers, e.g., star counts or radio maps of Galactic gas, as well as from
our extrapolation of structures seen in other galaxies. However, distances to
these tracers are measured indirectly and are model-dependent, so the exact
structure of our Galaxy is still under debate. We present a new comprehen-
sive picture of our Galaxy in three-dimensions based on the positions in the
sky and precisely measured distances of thousands of newly detected Classical
Cepheids. We unravel, for the first time, the real structure of our Galaxy as
seen via the young stellar population. This new picture allows us to precisely
constrain the Galactic disk shape and dig into the recent history of our Galaxy.
Classical Cepheids are young (< 300 million years old) supergiants with luminosities in
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the range of 100 − 10, 000L, pulsating with periods 1-100 days. This makes them visible
at extragalactic distances and, in our Galaxy, detectable even through clouds of gas and dust
obscuring less luminous stars. Cepheids obey the pulsation period-luminosity (P-L) relation (1),
which allows determining the absolute magnitude of the Cepheid from its period and thus – by
comparison with the apparent magnitude – its distance, provided the interstellar extinction is
known. While the large and often non-standard extinction may pose a problem in the optical
wavelengths, switching to the infrared (IR) bands minimizes these uncertainties. The detection
of Cepheids in the optical bands is relatively easy owing to their characteristic saw-tooth light
curves and relatively large amplitudes, contrary to the IR bands, where the shape becomes more
sinusoidal and hard to distinguish from variables of other types. Similarly, Cepheids can be
mimicked by other variable stars in the optical bands if the number of measurements is limited
(below 80-100 epochs) and the survey time span is short (< 1− 2 years) (2).
The majority of 2387 Galactic Cepheids analyzed here are the newest discoveries by the
large-scale survey of the Galactic disk and Center conducted during the fourth phase of the
Optical Gravitational Lensing Experiment (OGLE-IV) project (3). This is a long-term survey
focused on discovery and detailed classification of variable stars. The 1300 Classical Cepheids
recently detected by the survey (2), together with 104 objects discovered by OGLE in the past
years, more than doubled the number of known Galactic variables of this type. The magnitude
range of the dedicated survey of the Galactic plane – 11–18 mag in the I-band – enables iden-
tification of Cepheids as distant as the expected boundary of the Galactic disk, which has been
impossible until now. The OGLE survey covered practically the entire range of the Galactic
disk available from its site at Las Campanas, Chile (see Fig 1).
Cepheids closer than 4 kpc are too bright and saturated in the OGLE survey images. There-
fore, the OGLE sample has been complemented with brighter objects from the list of Galactic
Cepheids (4), coming mostly from the General Catalog of Variable Stars (GCVS) (5) and the
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ASAS (6) survey. We also supplement the list with Cepheids discovered by ASAS-SN (7) and
with ATLAS (8) Cepheids that we identified in their recent catalog. For details on the Cepheid
sample used in this study please refer to the Supplementary Materials (9).
The Galactic dust resides predominantly in the vicinity of the Galactic plane, where Cepheids
live, and is the source of the large extinction in the optical bands. To minimize this problem,
the distances to individual objects from the final sample were calculated based on the mid-IR
photometry obtained by the Spitzer and WISE satellites, with the use of the most recent P-L
relations (10), and a constant extinction value. For all of them the Cartesian coordinates with
the origin in the Sun were derived for studying their 3-D distribution (9).
Fig. 1 presents the OGLE map of the Galaxy for the young stellar population – the view
projected on the sky (Fig. 1a) and the face-on view (Fig. 1b), where the individual Cepheids
are marked with green dots on top of the four-arm spiral galaxy model consistent with neutral
hydrogen (HI) measurements in our Galaxy (11). We clearly see areas of higher Cepheid den-
sity indicating the non-uniform Galactic structure or the regions of increased star formation.
The side view (Fig. 1a) shows, that the young stellar disk of the Milky Way (as traced by the
Cepheids) is warped and has a varying width. The warping of the disk has been observed before,
both in HI (12) and in various young environments (13–15), as well as kinematically (16, 17),
although its full extent and shape have not yet been fully constrained. Here we have an oppor-
tunity to characterize the warp in detail based on a large sample of standard candles covering
the majority of the Galactic disk.
We subdivide the Galaxy into 12 slices (of unequal azimuthal width) of the Galactocentric
polar coordinate system with φ = 0 deg pointing to the Sun (Fig. 2a). The disk is clearly not flat
– the warp is strikingly noticeable in many directions that are sufficiently well populated with
Cepheids. The warping of the disk begins at the distance of about 8 kpc and becomes steeper
at ∼ 10 kpc, reaching out to the very edge of the Galaxy. The disk warps toward negative Z
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within 0o < φ < 135o and toward positive Z at 165o < φ < 330o, although the exact boundary
is difficult to assess, due to lower number of known Cepheids on the other side of the Galactic
Center.
We model the young disk by fitting the distribution of Cepheids with a simple exponential
formula (9). We measure the disk scale height H = 80.8 ± 2.8 pc and the distance of the Sun
from the Galactic plane z0 = 24.6 ± 2.8 pc (see Fig. 5). To further illustrate the warping of
the disk and guide the eye, we fit a simple model surface to the Cepheid distribution, which is
shown in Fig. 2b from three selected viewing angles.
Classical Cepheids are excellent tracers of stellar age. Their pulsation period is monotoni-
cally correlated with age (18), making it possible to perform an age tomography of the Milky
Way. The majority of Cepheids in our sample formed between 30 to 130 million years ago
(Fig. 3a). The spatial distribution of ages (Fig. 3b) clearly shows that the closer to the Galactic
Center, the younger objects we observe, and that the most recent star formation episodes must
have occurred in the regions closer to the Galactic Center than the Sun. Accordingly, regions
toward the anticenter contain the older Cepheids from our sample, although the oldest Cepheids
with ages well exceeding 100 Myr, can be found all over the Milky Way. This is further pictured
in Figs 3c-e, where the distribution of Cepheids in three non-overlapping age bins is shown.
There are several distinct features in the spatial distribution of Cepheids (Fig. 3f). Since
these features are located mainly in the area monitored by OGLE – where the Cepheid detection
efficiency is very high – they are most likely real, rather than the result of a detection bias. The
most prominent overdensity is formed by stars from a narrow age range (around 68 Myr) – see
Fig. 3d. The traces of this arc-shaped overdensity were previously associated with the spiral
arm (19), however, our sample shows that it is located in between the Sun and the nearest, so
called, Sagittarius Arm, rather than within this arm. Moreover, our large sample shows, for the
first time, that this Cepheid overdensity does not follow a consistent pitch angle of the spiral
4
arms in the Galaxy (20).
There are other distinct overdensities noticeable in the general picture of the Galactic Cepheids
(Fig. 3f). In Fig. 3g we identify three main overdensities as O1, O2 and O3. While less pro-
nounced in space than the previously mentioned feature O2, the ages of Cepheids within the
two remaining overdensities are also coherent and the fact that they lie close to each other and
have similar ages (compare panels c and e), strongly suggests their common origin in the past
star formation episodes in certain parts of the Galaxy.
We perform a simple simulation, in which we select stars from three age bins characteristic
for the overdensities marked in Fig. 3g (see (9) for details on the selection criteria). Median
age values in these three groups are 35, 68 and 91 Myr. Then we ask whether there could have
been a star formation episode in one of the spiral arms of the Milky Way in the past, that after
a given time (after the Galaxy has rotated), would produce the current observed distribution of
Cepheids. The results of this exercise are presented in Fig. 4, where each row focuses on one
of the overdensities: O1 (panels a-c), O2 (panels d-f), and O3 (panels g-i). In each row, the first
image shows the current observed distribution of Cepheids, where the selected overdensity is
highlighted. The middle panel presents the view of the spiral arms of the Galaxy, as it looked
35 (b), 68 (e) and 91 (h) million years ago (following an assumed rotational period of the
spiral pattern equal to 260 Myr (20)). On top of that, we inject a star formation episode that is
happening in a region(s) along the spiral arms at that time. Finally, the last panels (c, f, i) show
how those star formation regions would look now (after 35, 68 and 91 Myr respectively), taking
into account the typical velocity of disk stars (21) and 15 km/s velocity dispersion.
Given these simple assumptions, we see a surprisingly good correlation between the real
and artificially created distributions of Cepheids – both in the shape of the overdensity, as well
as in its internal dispersion. Cepheids that were born in a spiral arm, do not currently follow
the exact location of that arm, which can be explained by the different rotation velocity of the
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density waves and the stars. This is most pronounced in the case of the oldest group O3 (Fig. 4g-
i), where the overdensity falls directly in between the arms of Perseus and Norma-Cygnus, near
which it was most likely born. Interestingly, our model also reveals that the Sun was located
near the actively star forming spiral arm (Fig. 4e) in the era of the Cretaceous–Tertiary mass
extinction that occurred approximately 66 Myr ago and led to the sudden extinction of about
three quarters of the Earth’s species (22).
In summary, the OGLE 3-D picture of the Milky Way is the first one based on a large number
of individual objects with very precisely determined distances. It represents the young stellar
population that extends to over 20 kpc covering a significant part of our Galaxy, thus making
it possible, for the first time, to asses the extent and shape of the young stellar disk. While the
detailed modelling of the Milky Way structure is beyond the scope of this paper, we show that a
very simple model can reproduce the current picture of the young stellar disk of the Milky Way,
where classical Cepheids form structures that do not necessarily trace the spiral arms, but their
location is shifted with respect to the aforementioned. The picture of the Milky Way presented
in this paper can be better constrained by more complex modeling of the Cepheid sample, which
is beyond the scope of this paper. In the future, it should be complemented with faint Cepheids
detected by OGLE-like deep sky surveys of the northern hemisphere – the regions unavailable
to the OGLE survey.
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Figure 1: The distribution of Galactic Classical Cepheids. (a) The on-sky view of the Milky
Way in Galactic coordinates, with all known Classical Cepheids in the Milky Way and in the
Magellanic Clouds. Cepheids from the OGLE collection of variable stars are shown with yel-
low dots, while all other discoveries with cyan dots. The white contours mark the OGLE cov-
erage of the Galactic plane (−170 < l < +40 deg, −6 < b < +3 deg). The background
image is the photograph of the Milky Way based on Gaia satellite measurements (Copyright:
ESA/Gaia/DPAC). (b) The top view of our Galaxy with all 2387 Cepheids used in this study
marked with green dots. The background image represents a four-arm spiral galaxy model con-
sistent with neutral hydrogen measurements in our Galaxy (here the spiral structure is illustrated
by the logarithmic spirals). The Sun is marked with a yellow disk, while the dashed lines show
the angular extent of the OGLE fields (−170 < l < +40 deg).
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Figure 2: The Milky Way warp. (a) The warping of the disk of our Galaxy is presented by
slicing up the disk into 12 slices in the Galactocentric polar coordinate system with φ = 0 deg
pointing to the Sun. Each slice is shown with a different color, as indicated in the pie chart on
the right, and the same colors are used to show the distribution of Cepheids along the Galactic
distance R versus distance from the Galactic plane Z in those twelve panels (left). The Sun is
marked with the yellow disk, while the Galactic Center with a black disk. Gray lines are the
cross-cuts of the model surface (panel b) within a given slice. The dotted line on the pie chart
separates parts of the Galaxy warped toward negative and positive Z. (b) An illustration of the
Milky Way warp from three selected viewing angles. The Cepheids are marked with blue dots,
and the gray grid is a model surface fit to the Cepheid distribution (9).
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Figure 3: Ages of Galactic Classical Cepheids. (a) The age histogram of Galactic Classical
Cepheids in our sample. (b) The face-on view, showing the Cepheid distribution in the Galaxy,
with colors corresponding to Cepheid ages as indicated in panel (a). The Sun is marked with
a yellow disk, while the Galactic Center with the black disk. (c-e) The age tomography of the
Milky Way in three selected age bins, as indicated in the top part of each panel. Each age bin
reveals Cepheid overdensities. (f) Cepheids in a wide age range 10 < Age < 120Myr, but
without color coding, to emphasize the most prominent overdensities in the Cepheid distribu-
tion. (g) Same as panel (f), but showing the selection regions for three main overdensities O1,
O2, O3, that are further studied in more detail in Fig. 4.
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Figure 4: The possible origin of the Cepheid structures. (a) The face-on view of our Galaxy,
where all Cepheids are marked with gray dots, and the Cepheids that belong to overdensity O1
(median age 35 Myr) are shown with black dots. The Sun is marked with a yellow disk, while
the Galactic Center with the black disk. The locations of the spiral arms are highlighted with
colored dots – Perseus arm (yellow), Sagittarius-Carina arm (green), Scutum-Crux-Centaurus
(blue) and Norma-Cygnus (red). (b) The location of the Galaxy’s spiral arms 35 Myr ago, with
an artificial star formation region along the Scutum-Crux-Centaurus and Norma-Cygnus arms
marked in blue. (c) The current location of the artificial star formation region (blue) on top of
the distribution of all Cepheids from our sample (gray). (d-f) Same as panels (a-c), but for the
overdensity O2 with a median age of 68 Myr. (g-i) Same as panels (a-c), but for the overdensity
O3 with a median age of 91 Myr.
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Supplementary Materials
Materials and methods
The Cepheid sample
The sample of Classical Cepheids used in this work consists of 2387 objects. The majority were
found by the OGLE survey: 1300 objects from the OGLE-IV Collection of Galactic Cepheids
(2), 68 objects from the OGLE-IV collection of Galactic bulge Cepheids (23), and 36 objects
from the OGLE-III catalog of variable stars in the Galactic bulge (24) and disk (4). The total
number of Classical Cepheids from the OGLE survey is 1404. Among the remaining 983 stars,
621 are from the General Catalog of Variable Stars (GCVS), 61 from the ASAS catalogs (6),
and 13 from over a dozen other sources.
The recent catalog of variable stars from the ASAS-SN survey (7) contains 315 objects
classified as Classical (249) or Type II (66) Cepheids, together with their V-band light curves.
Since the classification procedure of ASAS-SN is mainly automatic, we visually inspected all
Cepheid light curves. As a result, we identified 138 genuine Classical and 43 Type II Cepheids
in the original sample of 315 stars, with a misclassification rate between the Cepheid types of
about 30%. The remaining 134 stars are mainly spotted variables, eclipsing binaries, anomalous
Cepheids, or RR Lyr type stars with wrong periods. Among 138 newly discovered Classical
Cepheids, 31 were also found by the OGLE-IV survey, so we supplement our sample with 107
ASAS-SN objects.
We also used the recent Asteroid Terrestrial-impact Last Alert System (ATLAS) catalog of
variable stars (8) to identify Classical Cepheids. Following the suggestions of the authors, we
selected all stars with the ’PULSE’ classification that have a long-period fit or a short-period fit
leading to a master period longer than 1 day. We also selected stars that were not classified as
’PULSE’ but have significant variations, and their master period is longer than 1 day. See the
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authors prescriptions for further details. The search resulted in almost 3000 Cepheid candidates
with available light curves. Our analysis of the ATLAS time series was similar to the procedures
applied to the OGLE photometry. We determined periods, amplitudes, and Fourier coefficients
for all available light curves in both pass bands (cyan and orange) used by the ATLAS survey.
Then, we selected and classified pulsating stars based on the visual inspection of their folded
light curves, taking into account their position in the period–Fourier coefficients diagrams and
ratios of the light amplitudes in the two ATLAS filters. The classification procedure returned
439 Classical Cepheids, 181 of which are new discoveries. We also identified 142 type II
Cepheids and 61 anomalous Cepheids in the Cepheid candidate sample. The majority of the
remaining 2130 ATLAS objects turned out to be eclipsing binaries and spotted variables, and
even some RR Lyrae type stars that were assigned a 1-day alias period.
The full list of 2387 genuine Classical Cepheids used in this work is presented in Table 1,
including a reference to a discovery paper, whenever available. Otherwise we provide the source
(e.g., GCVS) or a database, in which the Cepheid was identified (e.g., ATLAS).
MID-IR Data.
The mid-IR observations of Cepheids are available from the Spitzer Space Telescope and the
Wide-field Infrared Survey Explorer (WISE).
We utilized data from the “Galactic Legacy Infrared Mid plane Survey Extraordinaire”
(GLIMPSE) Legacy Program of Spitzer and its extensions: GLIMPSE II, GLIMPSE 3D,
GLIMPSE 360, Deep GLIMPSE and Vela-Carina, as well as from the ”Spitzer Mapping of the
Outer Galaxy” (SMOG) and ”A Spitzer Legacy Survey of the Cygnus-X Complex” (Cygnus-
X) Legacy Programs (25, 26), which we will collectively call the GLIMPSE data. The Spitzer
observations of the Galactic plane were made in four IRAC (Infrared Array Camera) bands:
I1=[3.6], I2=[4.5], I3=[5.8] and I4=[8.0] microns. For each Cepheid from our final list we ex-
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tracted all available GLIMPSE observations within 1 arcsec search radius. We found matches
for 1213 out of 2387 objects. The majority of Cepheids (938) had only one match in the
GLIMPSE catalogs, while 275 were found in more than one GLIPMSE programs: 242 stars
had 2 matches, 31 stars had 3 matches and 2 stars had 4 matches. We calculated weighted mean
magnitudes for 1090, 1122, 756 and 715 Cepheids in I1, I2, I3 and I4 bands, respectively.
We also use the WISE data from the AllWISE Multiepoch Photometry Database, which
provides all-sky time-series photometry from both the WISE cryogenic and NEOWISE post-
cryogenic phases of the survey (27, 28). The observations were made in four bands: W1=[3.4],
W2=[4.6], W3=[11.6], and W4=[22.1] microns. We found counterparts for 1958 out of 2387
Cepheids within 1 arcsec search radius. The number of points per light curve in the W1 band
varied from 16 to over 500 with a median value of 60 points. We calculated weighted mean
magnitudes for 1392, 1730, 1599 and 698 Cepheids in W1, W2, W3 and W4 bands, respectively.
Distances and extinction.
The distance d in a given band λ can be calculated as:
dλ = 10
0.2(mλ−Mλ−Aλ)+1 pc
where mλ and Mλ are, respectively, the observed and absolute magnitudes of the star and Aλ is
the extinction value. The absolute magnitudes can be calculated from the P-L relations. Here
we use the most recent mid-IR P-L relations, derived for the Spitzer and WISE passbands (10)
based on a sample of 288 Galactic Classical Cepheids. The extinction values in the Galaxy are
high in the optical bands and depend on the exact direction, but become low and fairly inde-
pendent of the line-of-sight in the mid-IR. We use the average value of the mid-IR extinction
of 0.09 mag for all mid-IR bands (10). The error in distance introduced by accepting a con-
stant extinction value should be very low for the vast majority of Cepheids (e.g., the complete
omission of extinction in the mid-IR results in barely ∼ 4% distance error).
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In the first step, we estimate the distance to each object separately in all available Spitzer
and WISE bands. Then the final distance value is calculated as a weighted average (with outlier
rejection) of single-band distances. The weight in each band consist of two factors: the mag-
nitude uncertainty in that band as reported by the survey, and the expected rms scatter of the
Cepheid light curve in the given band, caused by its pulsational amplitude. Since the mid-IR
amplitudes for the majority of Cepheids are not known, due to the low number of observations,
we use their optical counterparts to estimate the mid-IR brightness changes. Most Cepheids in
our sample have well covered I-band light curves, so their amplitude and thus the expected rms
scatter can be estimated. In the case when only the V-band light curve is available, we scale its
V-band amplitude by a factor of 0.6 to obtain the I-band amplitude and rms scatter (29).
We then choose a subset of Cepheids with well covered light curves in all WISE bands.
From those, we pick the ones with low photometric noise and estimate their mid-IR rms scatter.
We found that for the majority of stars the rms scatter in the I-band is proportional to the rms
scatter in all mid-IR bands with the proportionality constant close to 2. Therefore, we take the
measured rms I-band scatter, divide it by 2, and use it as an uncertainty of the mean brightness
as measured from a single mid-IR epoch, both for the Spitzer and WISE bands. The brightness
uncertainty propagates to the distance uncertainty as σd = d × log(10) × 0.2σmag. The final
distance error is estimated as a geometric mean of the uncertainties of the single band distance
measurements, used to calculate the Cepheid distance.
When averaging the distances, we found that the significant portion of rejected outlier mea-
surements comes from the W3 and W4 bands, yielding systematically lower final distance val-
ues. We have not investigated this here in detail, however, we presume that this may originate
from blending effects within a large PSF of the WISE satellite – the P-L relations (10) were
determined using a sample of Cepheids in less crowded regions, and may not be applicable to
all our Cepheids. To avoid underestimating distances, W3 and W4 distance measurements are
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rejected whenever two or more distance measurements from shorter wavelengths (either Spitzer
or WISE) are available for a given star. However, this cannot be applied to bright, closeby
stars, which are saturated in shorter mid-IR bands, and so their distances are usually determined
solely from the W3 and W4 bands.
Table 1 provides mean magnitudes and their uncertainties in all eight mid-IR bands, as well
as the final distance value and its uncertainty for all Cepheids in our sample.
Cartesian coordinates.
The 3-D distribution of Cepheids in our sample is studied in the Cartesian coordinate system
with the origin in the Sun:
X = d× cos l cos b
Y = d× sin l cos b
Z = d× sin b
where l and b are the Galactic coordinates of the star and d is its distance from the Sun. We
adopt the distance between the Galactic Center and the Sun of 8.3 kpc (30,31).
Disk scale height.
We model the vertical distribution of Cepheids using a simple exponential model of the thin
disk, which has two free parameters: the scale height H and the distance of the Sun from the
Galactic plane z0. The density of stars varies as:
n(z) =
1
2H
exp
(
−|z|
H
)
,
where z = z0 + d sin b, d is the distance to the Cepheid and b is its Galactic latitude. The
best-fit model is found by maximizing the likelihood function, defined as lnL = ∑i lnn(zi).
The summation is performed over all stars within 10 kpc of the Galactic Center (to minimize
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the effect of the disk’s warp) and Galactic latitudes |b| ≤ 4◦. The best-fit parameters are H =
80.8±2.8 pc and z0 = 24.6±2.8 pc. This is in general agreement with past determinations. The
histogram of z together with the fit model is presented in Fig. 5, while different fit parameters
are listed in Table 2. The uncertainties are estimated using the Markov chain Monte Carlo
technique (32) and represent 68% confidence range of marginalized posterior distributions. We
assume uniform priors on H and z0 over the ranges 0 to 1 kpc and −1 to 1 kpc, respectively.
If Cepheids located farther than 10 kpc from the Galactic Center are included in the model,
the best-fit z0 increases, which is the signature of the Galactic disk’s warp.
To guide the eye, we also fit a polynomial surface to the distribution of Cepheids in the
form:
Z(R, φ) = −z0 for R < R0
Z(R, φ) = −z0 + z1(R−R0)2 cos(φ− φ0) for R ≥ R0
By minimizing the sum of squares of orthogonal distances from the data points to the surface
χ2 =
∑
i ‖~Ri − ~Rmodel‖2, we obtain the best-fit parameters: z0 = 17.8 pc (in good agreement
with the Sun’s height from the thin disk exponential model), z1 = +0.0142 kpc−1 and φ0 =
244◦ for fixed R0 = 8 kpc.
Modeling the overdensities.
In order to select groups of Cepheids for overdensity modeling, that are correlated in age and
space, we first manually select regions with main prominent overdensities O1, O2 and O3 as
marked in Fig. 3g. The median ages of stars falling into the marked regions are 43, 66, and
88 Myr, respectively, and standard deviations are 18-20 Myr. Since our age estimates are not
exact, we expect that stars that formed together might show slightly different ages. To remove
the contamination from other star formation episodes we remove from our sample all stars with
ages deviating more than 40% from the median age of each of the three groups. This is an
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iterative process that converged to the following values: 35, 68 and 91 Myr. The samples are
shown as black points in the left panels of Fig. 4.
Stars in the Galaxy follow a flat rotation curve starting from the radius of about 7-8 kpc,
with the rotational velocity of about 230 km/s, and have smaller velocity values at shorter radii.
We assume a simple rotation curve inspired by the recent measurements (21) in the Solar neigh-
borhood of 180, 190, 215, 225 and 230 km/s for Galactocentric radii of 4, 5, 6, 7 and 8 kpc,
respectively.
In the next step, for each age group, we pick a region within one of the spiral arms, popu-
late it randomly with stars and assign them the rotation velocities following the rotation curve
mentioned above, with an additional of (20, 10) km/s dispersion in the (φ, R) directions. The
positions of these young Cepheid candidates are shown in the central panels of Fig. 4. The
rotation of the Galaxy to the present day is shown in the right panels of this figure.
We use a simple four-arm spiral structure model with the pitch angle of 12.4 degrees (33).
We mark all arms with colored dots for easier identification – Perseus arm (yellow), Sagittarius-
Carina arm (green), Scutum-Crux-Centaurus (blue) and Norma-Cygnus (red).
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Figure 5: Histogram of distances of Cepheids from the Galactic plane. (Objects located within
10 kpc of the Galactic Center and |b| ≤ 4◦). The purple line marks the best-fit exponential
model.
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Subset H (pc) z0 (pc) N
R < 10 kpc 80.8 +/- 2.8 24.6 +/- 2.8 900
R < 10 kpc, Age < 30 Myr 77.9 +8.4/-6.6 16.5 +9.0/-9.7 110
R < 10 kpc, 30 < Age < 50 Myr 69.3 +/- 4.9 17.4 +4.8/-4.4 220
R < 10 kpc, 50 < Age < 70 Myr 63.3 +4.1/-3.7 22.5 +4.1/-4.5 269
R < 10 kpc, 70 < Age < 90 Myr 81.1 +6.1/-5.5 33.8 +7.5/-6.0 185
R < 10 kpc, 90 < Age < 110 Myr 91.6 +17.5/-13.9 39.2 +14.7/-14.0 37
R < 10 kpc, Age > 110 Myr 177.1 +22.0/-18.5 58.8 +26.4/-24.2 79
d < 8 kpc 90.9 +/- 2.8 25.3 +/- 2.8 1111
d < 10 kpc 104.0 +/- 3.1 28.6 +/- 2.8 1313
Table 2: Best-fit parameters. R is the distance from the Galactic Center, d is the distance from
the Sun.
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